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Early IL-2/sIL-2R surge following surgery leads to temporary
immune refractoriness
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SUMMARY

High serum level of immunoreactive but not biologically active IL-2 was detected 1 day after surgery
in patients undergoing major operation (abdominal, open-heart), in proportion to the tissue injury
caused by surgical trauma. IL-2 values were highest in those patients who underwent open-heart
surgery and received blood transfusions. In all patients they declined in the third and fourth post-
operative days. Elevated serum levels of soluble IL-2 receptors (sIL-2R) were already present 1 day
after operation, and peaked in the third and fifth post-operative days after mitogen triggering. Blood
lymphocytes derived from operated patients secreted reduced amounts of both IL-2 and sIL-2R
compared with control lymphocytes. The extent and duration of this reduction were also
proportional to the tissue trauma and were affected by blood transfusions. Based on these data we
suggest that early post-operative systemic immunological activation (appearance of IL-2 in the
serum) is followed by elevation of sIL-2R, which then interferes with IL-2-dependent immunity.
Blood lymphocytes are probably not involved in the post-operative immunological activation. The

trigger for and the site of IL-2/sIL-2R synthesis are not yet clear.
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INTRODUCTION

Major operations, especially cardiac surgery, can cause changes
in cell-mediated immunity [1]. The decline in peripheral lympho-
cyte function, which lasts 3-7 days after surgery, was attributed
to intrinsic lymphocyte changes or to redistribution of reactive
T cells from blood to tissues [2] and to inhibitory effects of serum
factors like prostaglandins and corticosteroids [3-6].

The T cell activation process is associated with generation of
IL-2 and surface expression of its receptors (IL-2R). The IL-2R
can detach from the cell surface after in vitro stimulation and be
detected in soluble form in the surrounding milieu [7). Elevated
soluble IL-2R (sIL-2R) concentrations have been found in
AIDS [8], during the active phases of certain autoimmune
diseases [9-11], organ transplant recipients where the level of
sIL-2R was correlated with the frequency and intensity of
rejection [12,13], in patients with lymphomas and leukaemias
[14], and after burns [15]. sIL-2R is a natural blocker of IL-2
[16], but its biological importance is controversial.

The results of this study point to a causual relationship
between post-operative serum levels of IL-2 and sIL-2R, and
suggest that sIL-2R could be considered as a ‘serum factor’
responsible for post-operative immune deficiency.
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PATIENTS AND METHODS

Patients

Twenty male patients, aged 40-65 years, underwent coronary
artery bypass (CABG), cardioplegia and moderate core hypo-
thermia (24-30°C). Anginal syndrome without congestive heart
failure was the indication for surgery. In all, no patient in this
series had a history of malignancy or verified immunological
disorder. All patients were classified in the New York Heart
Association (NYHA) classes II and III. Ten of them received
blood transfusions from random donors (CABG A) and the
other 10 did not (CABG B). All 20 patients had uncomplicated
recovery without evident inflammatory processes after the
operation. Ten patients undergoing uncomplicated cholecystec-
tomy without transfusion and 15 healthy volunteers in the same
age range were examined as a control group. Samples of serum
were taken before the operation, 24 h, 72 h and 144 h after the
end of surgery, and kept at —70°C until assay. Heparinized
blood was also collected and immediately subjected to analysis
of T cell subsets and T cell IL-2 and sIL-2R secretion.
Determination of sIL-2R and IL-2 levels was performed in all
patients and controls simultaneously.

Assessment of sIL-2R and IL-2
Quantification of sIL-2R and IL-2 levels in sera or supernatants
was made using an ELISA based on MoAbs to two different
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epitopes of the Tac molecule (T Cell Sciences Inc., Cambridge,
MA) and Intertest 2 (Genzyme, Boston, MA), respectively,
according to the manufacturer’s specifications. IL-2 and sIL-2R
in supernatants were measured after T cell culture of 24 h and
120 h, respectively, since these culture periods were found to be
optimal for IL-2 and sIL-2R measurements [17]. Biological
activity of IL-2 was quantified using the cytotoxic T cell line
CTCL, which was maintained in RPMI 1640 with 10% fetal calf
serum (FCS) and IL-2 at 1000 U/ml. Cytotoxic T cell line cells
were washed and adjusted to a concentration of 105/ml with
complete medium. Cells were cultured in 100 ul of IL-2
containing supernatants or supernatants diluted with complete
medium. After 22 h, *H-thymidine was added, and at 26 h the
cells were harvested and counted in a liquid scintillation
counter. All cultures were performed in triplicate. Results were
compared with a standard curve generated by adding known
amounts of recombinant IL-2 (Sigma) to CTCL.

Analysis of lymphocyte subsets

Peripheral blood mononuclear cells (PBMC) were tested for
total T, CD4+ and CD5* cells using MoAbs obtained from
Becton Dickinson (Mountain View, CA). We used the indirect
fluorescence method and the positive cells were enumerated by
FACS.

Culture conditions for IL-2 and sIL-2R production

T cells were isolated from PBMC using the rosette technique and
were activated with phytohaemagglutinin-P (PHA-P), 0-5 ug/
ml, for 24 h and 120 h. The cells were incubated in flat-bottomed
96-well plates in RPMI 1640+ 10% FCS+ 1% glutamine + 1%
antibiotics (penicillin, streptomycin). Cells were cultured at 10°
cells/ml, 0-2 ml/well. Supernatants were collected and kept at
—70°C until assayed.

RESULTS

Serum concentration of IL-2 and sIL-2R (Figs 1 and 2)

Preoperative serum levels of sIL-2R in all four groups (CABG
A + B, cholecystectomy and controls) did not differ (Fig 1).
Twenty-four hours (1 day) after surgery a significant elevation
(P <001 or P<0-05) of serum sIL-2R was measured in CABG
patients. Seventy-two hours (3 days) after surgery the highest
value of sIL-2R was measured in sera derived from both CABG
and cholecystectomy patients, and was significantly higher than
that of controls. The mean sIL-2R value in the sera of transfused
CABG patients was higher (P<0-05) than that of non-
transfused CABG patients and of patients undergoing cholecys-
tectomy. Seven days following surgery, sIL-2R levels in CABG
B and cholecystectomy patients returned to preoperative values,
but that of CABG A patients, although declining, was still
significantly higher (P <0-01) (Fig. 1). No immunoreactive IL-2
could be measured in the serum of normal controls and of
preoperative patients. One day after the operation immuno-
reactive IL-2 was detected in serum derived from most operated
patients. The serum value of IL-2 in CABG A patients was
significantly higher than that of the two other groups. Three
days after surgery IL-2 levels declined, and IL-2 concentration
of CABG A was still the highest. After 7 days no IL-2 could be
detected in the serum of CABG B and cholecystectomy patients,
but the serum of most CABG A patients still contained
immunoreactive IL-2 (Fig. 1). In view of the parallel trends in
the serum content of both immunoreactive IL-2 and sIL-2R, the
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Fig. 1. Serum concentration of IL-2 and soluble IL-2 receptors (sIL-2R).
Significant immunoreactive (but not bioactive) IL-2 was observed 1 day
after the operation and declined later. Serum sIL-2R peaked in the third
post-operative day. Both mean IL-2 and sIL-2R values were highest in
coronary artery bypass (CABG) A, while CABG B patients had higher
values than cholecystectomy (Chol.) patients. * Significantly higher than
control (P<0-05); t significantly higher than Chol. (P<0-05); }
significantly higher than CABG B (P <0-05). m, CABG A; @, CABG B;
0, Chol.
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Fig. 2. Levels of immunoreactive serum IL-2 and soluble IL-2 receptors
(sIL-2R) in individual operated patients 1 (IL-2) and 3 (sIL-2R) days
after surgery. The correlation coefficient (r) was 0-58 and the significance
P<0-05.
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Fig. 3. Secretion of IL-2 and soluble IL-2 receptors (sIL-2R) by in vitro
stimulated peripheral lymphocytes. All operated patients showed
reduced ability to secrete IL-2 and sIL-2R 1 day after surgery. Only in
coronary artery bypass (CABG) A patients was this reduction still
observed on the seventh post-operative day. In contrast to serum,
secreted immunological and biological IL-2 activities parallel. * Signifi-
cantly less than control values (P <0-05). B, CABG A; @, CABG B; O,
Cholecystectomy.

relationship between immunoreactive IL-2 levels to its soluble
receptor was evaluated by linear regression analysis (Fig. 2).
sIL-2R values from 20 patients in the third post-operative day
were correlated with their first day immunoreactive IL-2 levels.
A significant correlation (r=0-58, P <0-05) was found. Practi-
cally, no biologically active IL-2 could be detected in sera
derived before or after surgery.

IL-2 and sIL-2R secretion by T cells (Fig. 3)

T cells derived from operated patients 24 h after the operation
demonstrated a significant suppression in their ability to secrete
bioactive and immunoreactive IL-2 after PHA stimulation
(P <0-05), which was more pronounced in CABG patients.
After 3 days the IL-2 levels produced by cholecystectomy
patients were normalized. Seven days after the operation
secreted IL-2 levels of CABG B patients returned to preopera-
tive normal values, while those (immunoreactive only) of CABG
A were still lower (P <0-05). sIL-2R secretion by activated T
cells, which did not differ from normal secretion before surgery,

Table 1. T cells and T cell subpopulation after surgery

0 1 day 3 days 7 days
N 64-31+ 185 — — —
CABG A 60-7+159 44-7+153* 531+12-8 639+154
CD3CABG B 6194146 46-1+12:4* 51-8+147 64:5+106
Chol. 71-5+£158 5434127 669+12:3 73-4+144
N 398+ 124 — — —
CABG A 4474152 27-1+£17-3* 3124109 40-8+14-2
CD4 CABGB 413+129 257+82* 378+154 42-1+116
Chol. 4324146 332+148* 3544117 386+126
N 22-:0+109
CABG A 240+12:3 206152 17.5+69 226160
CD8 CABGB 22:749-8 167463 20:2+36 21-5+44
Chol. 23-5+11-2 2534102 242+117 2464103

0, Preoperation; Chol., cholecystectomy.

Total T-CD3. Helper/inducer T: CD4. Suppressor/cytotoxic T:
CDS.

* Significantly reduced compared with preoperative levels.

was reduced significantly in all operated patients 1 and 3 days
after the operation, and returned to normal values on the
seventh day in non-transfused CABG patients and in cholecys-
tectomy patients. They were still low (P <0-05) in transfused
CABG A patients.

T cell subpopulations (Table 1)

Normal relative and absolute CD3, CD4 and CD5 T cell
numbers were present before operation in the peripheral blood
of patients undergoing CABG A, CABG B and cholecystec-
tomy. One day after operation reduced CD3 proportions
(P <0-05) were detected in most patients, and normalized on the
third day. Reduced CD4 percentage on the first post-operative
day was also resolved after 3 days. CD5 T cell percentage was
unchanged after surgery (Table 1). Significantly reduced CD4/
CDS5 ratio was observed in CABG A and cholecystectomy
patients 1 day after surgery, and normalized towards the third
post-operative day.

DISCUSSION

In this study we have found that serum levels of both
immunoreactive IL-2 and sIL-2R rose after surgery. In contrast,
peripheral T cells activated by PHA had diminished ability to
secrete 1L-2 and sIL-2R for at least 3 days after surgery. The
highest serum levels of IL-2/sIL-2R and the most prolonged
inhibition of T cell activation were observed in transfused
CABG A patients.

In equilibrium, a low basal secretion of IL-2 and its rapid
metabolism result in undetectable IL-2 levels. Low IL-2 concen-
tration maintains steady levels of membrane and secreted IL-2
receptors [18], thus controlling systemic immune activation.
High serum sIL-2R may reflect, therefore, prior in vivo systemic
activation of the immune system and the presence of high levels
of endogenous IL-2. This assumption is supported by the
appearance of IL-2 transcripts before those of IL-2 receptors
after in vitro activation of T cells [19], and by the early detection
of IL-2 and late detection of sIL-2R in culture supernatants
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derived from triggered T cells [17]. In our study, accordingly,
mean peak levels of systemic IL-2 in operated patients preceded
those of serum sIL-2R. Moreover, peak levels of individual sIL-
2R were significantly correlated with those of IL-2. Thus, a
causative role of IL-2 in sIL-2R secretion after surgery is
suggested.

In spite of the high immunoreactive serum IL-2 levels, no
consistent bioactive serum IL-2 could be detected. It has
previously been shown that sera from traumatized donors are
non-specifically toxic to T cell lines, some of which are used in
the bioassays [20]. Also, sIL-2R has been found to bind IL-2,
prevent its binding to membranal receptors and inhibit IL-2-
dependent T cell proliferation, on which bioassays are based
[17]. Twenty-four hours after surgery, serum sIL-2R levels were
already high, and thus able to interfere with bioactive but not
immunoreactive IL-2. More importantly, if in vivo IL-2 secreted
early after surgery is indeed bound by serum sIL-2R, the high
systemic immunoreactive IL-2 concentrations are not func-
tional. Elevated long-lasting free sIL-2R, first triggered by IL-2,
could thus be added to the list of serum inhibitory factors which
temporarily prevent immune activation after major surgery.
Indeed, in patients with visceral leishmaniasis [21,22], after
thermal injury [23] or receiving adoptive immunotherapy with
rIL-2 and lymphokine-activated killer (LAK) cells [24], high
serum levels of sIL-2R have been found and were shown to
inhibit IL-2 generation and IL-2-dependent responses.

Immunological functions have been found to be more
depressed after cardiac operations than after other forms of
surgery [25]. CABG patients undergoing blood transfusions
have been shown to be more immunocompromised and for
longer periods than non-transfused CABG patients [1]. More
severe stress, tissue and bone damage characterize open-heart
surgeries, in addition to the use of cardiopulmonary bypass
machine and hypothermia, which may be traumatic. As to
transfused CABG patients, it has been suggested that the
amount of blood loss per se or activation of non-specific
suppressor lymphocytes by foreign blood cells are responsible
for their more accentuated abnormal immunity [26-28]. It has
been shown that allogeneic cells produce rapid accumulation of
sIL-2R [29], thus explaining the high values of the soluble
receptors in the transfused patients. The mean serum IL-2 and
subsequent sIL-2R levels, which were higher after CABG than
after cholecystectomy and highest in CABG patients undergo-
ing transfusion, could therefore be linked to reduced immunity.

Twenty-four hours post-operatively, a reduced proportion
(and absolute number (data not shown)) of blood CD3 and CD4
T cells was found, which normalized after 3 days. Depletion of
CD4+ T cells, which are the main producers of IL-2, could
account for the early reduced peripheral responsiveness to PHA.
It has recently been suggested that the immunological changes
observed in the early post-traumatic stage (initial 3 days) are due
to such CD4 T cell redistribution from the peripheral blood to
the tissues [2]. Alternatively, peripheral T cells could be affected
by the early high systemic IL-2 levels and become refractory to
further stimulation by mitogen. The reduced capacity of IL-2-
stimulated T cells for further activation through the T cell
receptor has been described [30].

A mechanism involving early high systemic levels of IL-2
and subsequent sIL-2R could play a role in post-operative
immune deficiency. However, we do not yet know the location
of IL-2 and sIL-2R synthesis, and what is the trigger for the

early post-operative IL-2 secretion. We have chosen only
patients with uncomplicated recovery. The in vitro immunologic
refractoriness of most of them was resolved during and towards
the end of the first post-operative week. To decide whether high
serum levels of IL-2 or sIL-2R could predict post-operative
infections, more patients with heterogeneous post-operative
behaviour have to be studied.

REFERENCES

[

Hisatomi K, Isomura T, Kawana T et al. Changes in lymphocyte
subsets, mitogen responsiveness and interleukin 2 production after
cardiac operations. J Thorac Cardiovasc Surg 1989; 98:580-91.

2 Park SK, Brody JI, Wallace HA, Blakemore WS. Immunosuppres-

sive effect of surgery. Lancet 1971; 1:53-55.

Eriksson B, Hedfons E. The effect of adrenaline, insulin and

hydrocortisone on human peripheral lymphocytes studied by cell

surface markers. Scand J Haematol 1977; 18:121-8.

4 Miller-Grazino CL, Szabo G, Griffey K, Mehta B, Kodoys K,
Catalano D. Role of elevated monocyte transforming growth factor
B (TGFp) production in post-trauma immunosuppression. J Clin
Immunol 1991, 11:95-102.

5 Tompkins SD, Gregory S, Hoyt DB, Ozkan N. In vitro inhibition of
IL-2 biosynthesis in activated human peripheral blood mononuclear
cells by a traumainduced glycopeotide. Immunol Lett 1990; 23:
205-9.

6 Olszwski WL, Grzelak I. Immune deficiency, immune suppression
or just immune cell redistribution. In: Faist N., Ninnemann J.L.,
Green, eds. Immune consequences of trauma, shock and sepsis. J
Trauma 1989: 2-9.

7 Rubin LA, Kurman CC, Fritz ME. Soluble interleukin 2 receptors
are released from activated human lymphoid cells in vitro. J
Immunol 1985; 135:3172-7.

8 Sethi KK, Naher H. Elevated titer of cell free IL-2 receptor in serum
and cerebrospinal fluid specimens of patients with AIDS. Immunol
Lett 1986; 13:179-84.

9 Zielinski CC, Pesau B, Muller CH. Soluble IL-2 receptor and soluble
CDS5 antigen on active rheumatoid arthritis. Clin Immunol
Immunopathol 1990; 57:74-82.

10 Wolf RE, Brelsford WG. Soluble IL-2 receptors in SLE. Arthritis

Rheum 1988; 31:729.

Lai KN, Leung JCK, Cheng CC, Cockran CS. T lymphocyte

activation in Graves’ ophthalmopathy S-IL-2R release and IL-2

production. Acta Endocrinol 1989; 120:602-9.

12 Calvin RB, Fuller TC, Mackeen L, Kung PC, Ip SH, Cosioni AB.
Plasma IL-2 receptor levels in renal allograft recipients. Clin
Immunol Immunopathol 1987; 43:273-6.

13 Southern JF. Comparison of serum IL-2R levels and endomyocar-
dial biopsy grades in the monitoring of cardiac allograft rejection. J
Heart Transplant 1987; 5:370-5.

14 Chilosi M, Semenzato G, Cetto G. S-IL-2R in the sera of patients
with hairy cell leukemia: relationship with the effect of r-IFNa
therapy on clinical parameters and NK in vitro activity. Blood 1987
69: 1530-5.

15 Teodorczyk-Injeyan JA, Sparkes BG, Mills GB, Falk RE, Peters
WI. Increase of serum IL-2R level in thermally injured patients. Clin
Immunol Immunopathol 1989; 51:205-15.

16 Symons JA, Wood NC, Di Giovine FS, Duff GW. Soluble IL-2
receptor in rheumatoid arthritis: correlation with disease activity:
IL-1 and IL-2 inhibition. J Immunol 1988; 141:2612-8.

17 Chopra RK, Powers DC, Kending NE, Adler WA, Nagel JE.
Soluble IL-2 receptors released from mitogen stimulated human
peripheral blood lymphocytes bind IL-2 and inhibit IL-2 dependent
cell proliferation. Clin Invest 1989; 18:961-73.

18 Robb RIJ. Interleukin 2. The molecule and its function. Immunol

Today 1984; 5:203.

w

—



486

19

20

2

22

23

24

25

Granelli-Piperno A. In situ hybridization of IL-2 and IL-2 receptor
mRNA in T cells activated in the presence of absence of cyclosporin
A.J Exp Med 1988; 168:1649-58.

Mills CD, Caldwell MD, Gann D. Evidence of a plasma mediated
“window” of immunodeficiency in rats following trauma. J Clin
Immunol 1989; 9:139-48.

Barral-Netto M, Barral A, Santos BS. Soluble IL-2 receptor as an
agent of serum mediated suppression in human visceral leishmania-
sis. J Immunol 1991; 147:281-4.

Vitale G, Reina G, Mansueto S et al. The significance of serum
soluble r-IL-2R and as a marker for active visceral leishmaniasis in
Sicilian patients. Clin Immunol 1992; 90:219-22.
Teodorezyk-Injeyan JA, Spaskes BG, Peters WJ. Serum IL-2R as a
possible mediator of immunosuppression after burn injury. J Burn
Care Rehab 1989; 10:112-8.

Ades EW, Bosse E, Orr S, Gillespie T. Immune responses in humans
while receiving adoptive immunotherapy with r-IL-2 and LAK cells.
Acute anergy to mitogens and recall antigens. Pathobiology 1990;
58:78-83.

Ide H, Kakuichi T, Furuta N, Matsumoto H, Sudo KI, Furuse A,

26

27

28

29

30

N. Lahat et al.

Asano KI. The effect of cardiopulmonary bypass on T cells and their
subpopulations. Ann Thorac Surg 1987; 44:277-82.

Abraham E, Freitas AA. Hemorrhage produces abnormalities in
lymphocyte functional and lymphokine generation. J Immunol
1989; 142:899-906.

Lehnard V, Maassen G, Grosse-Wilde H. Effect of blood trans-
fusion on immunoregulatory mononuclear cells in prospective
transplant recipients. Transplant Proc 1983; 15:1011 6.

Stephan RN, Kisala JM, Dean RE, Geha AS, Chandry IH. Effect of
blood transfusion on antigen presentation function and on IL-2
generation. Arch Surg 1988; 123:235-40.

Rubin LA, Kurman CC, Fritz ME, Biddison WE, Boutin B,
Yanchoan R, Nelson DL. Soluble IL-2 receptors are released from
activated human lymphoid cells in vitro. J Immunol 1985; 135:3172-
7.

Nau GJ, Moldwin RL, Lancki DW, Kim DK, Fitch FW. Inhibition
of IL-2 driven proliferation of murine T lymphocyte clones by
supraoptimal levels of immobilized anti-T cell receptor monoclonal
antibody. J Immunol 1987; 139:114-22.



